Bacillus subtilis EBS05, an endophytic bacteria strain isolated from a medicinal plant Cinnamomum camphor, can produce antagonistic compounds that effectively inhibit plant pathogenic fungi. The greenhouse experiments showed that wheat sharp eyespot disease (WSED) was reduced by 91.2%, 88.2% and 43.0% after the treatment with fermentation broth, bacteria-free filter and a fungicide fludioxonil, respectively. The culture broth of strain EBS05 can more effectively control WSED than can fludioxonil. The fermentation broth and bacteria-free filter ability to suppress WSED was not significantly different, suggesting that an active secreted substance played a major role in controlling WSED. Separation and purification of the active compounds was carried out by serial processes, including hydrochloric acid (pH 2.0) treatment, methanol extraction and Sephadex LH-20 column chromatography, silica gel column chromatography and reverse-phase high-pressure liquid chromatography (HPLC), respectively. The purified compounds, one of active peaks in the HPLC spectrum, were obtained from the collection. Analysis of the chemical structures by time-of-flight mass spectrometry (TOF-MS) and electrospray ionization mass spectrometry/mass spectrometry (ESI-MS/ MS) showed that the active substances produced by the endophytic bacteria EBS05 are mixture of the β-hydroxy-C12~C15-Leu 7 surfactin A isomers with 1035.65 Da, 1021.64 Da, 1007.63 Da and 993.65 Da molecular weights, respectively.
Bacillus subtilis EBS05, an endophytic bacteria strain isolated from a medicinal plant Cinnamomum camphor, can produce antagonistic compounds that effectively inhibit plant pathogenic fungi. The greenhouse experiments showed that wheat sharp eyespot disease (WSED) was reduced by 91.2%, 88.2% and 43.0% after the treatment with fermentation broth, bacteria-free filter and a fungicide fludioxonil, respectively. The culture broth of strain EBS05 can more effectively control WSED than can fludioxonil. The fermentation broth and bacteria-free filter ability to suppress WSED was not significantly different, suggesting that an active secreted substance played a major role in controlling WSED. Separation and purification of the active compounds was carried out by serial processes, including hydrochloric acid (pH 2.0) treatment, methanol extraction and Sephadex LH-20 column chromatography, silica gel column chromatography and reverse-phase high-pressure liquid chromatography (HPLC), respectively. The purified compounds, one of active peaks in the HPLC spectrum, were obtained from the collection. Analysis of the chemical structures by time-of-flight mass spectrometry (TOF-MS) and electrospray ionization mass spectrometry/mass spectrometry (ESI-MS/ MS) showed that the active substances produced by the endophytic bacteria EBS05 are mixture of the β-hydroxy-C12~C15- Endophytes are specific groups of microorganisms residing inside healthy plant tissue without any discernible infectious symptoms (Hallmann et al., 2003; Ryan et al., 2008; Wilson, 1995) . They may contribute to their host plant by producing metabolite substances that play important roles in promoting plant growth and plant disease management (Bacon and Hinton, 1999; Misaghi and Donndelinger, 1990; Pleban et al., 1995; Sturz et al., 1997) . As a potential source of novel natural products for medicinal, agricultural, and industrial uses, endophytes could provide a wide variety of structurally unique bioactive natural products, such as alkaloids, steroids, terpenoids, quinones, flavonoids, peptides, aliphatic compounds, chlorinated metabolites, and others (Tan and Zou, 2001) . Novel antibiotics, antimycotics, antinematodes, immunosuppressants, and anticancer compounds have been reported from endophytic metabolites as well (Kowall et al., 1998; Strobel et al., 2004; Sturz and Kimpinski, 2004) . Cinnamomum camphora, a well-known landscape and medicinal plant, has been used for many centuries as a culinary spice, a component of incense, a medicine, a bug-repellent and a flea-killing substance. Chemical substances in the plant are valuable antiseptics and medications for treating diarrhea, inflammation, itching, and nervous conditions (http://www.floridata.com/ref/ C/cinn_cam.cfm). Previous studies have shown that some endophytes can excrete antimicrobial compounds that are similar to endogenous metabolites of their host plant, and many biological active substances produced by endophytes are relatively new to us (Schulz et al., 2002; Strobel, 2003; Sun et al., 2006) . Therefore, the camphor tree, collected from Henan Agricultural University campus, was selected as a source of endophytic microorganisms.
Surfactin is an amphiphilic cyclic lipoheptapeptide biosurfactant produced by various strains of Bacillus subtilis (Kowall, 1998) . It shows significant inhibitory activity against phytopathogenic fungi, bacteria, viruses and mycoplasma (Nissen-Meyer and Nes, 1997; Phae et al., 1990) . In general, surfactin is a mixture of isoforms that differ slightly in their physicochemical properties and biological activity due to variations in the chain length and branching of their hydroxy fatty acid component and substitutions of the amino acid components of the peptide ring (Grangemard et al., 1997) . These variations depend on the specific B. subtilis strain and the nutritional and cultural conditions under which the strains are grown (Peypoux and Michel, *Corresponding author.
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Purification and Structural Analysis of Surfactin Produced by An Endophytic 343 1992). There are three different types of surfactins, A, B, and C, which are classified according to the differences in their amino acid sequences (Rodrigues, 2006) . Previously, we demonstrated that endophytic B. subtilis EBS05 has many potential properties as a biological control agent, such as wide-spectrum antibiotic activity against tobacco mosaic virus and various phypathogenic fungi, as well as a tolerance of acid, alkali, salt and heat (Wen et al., 2009) . In this paper, we report the purification process and the lipopeptide structure analysis of the biosurfactant produced by endophytic B. subtilis EBS05, which was isolated from C. camphora. The biosurfactant was structurally identified as surfactin A. In addition, the antagonistic activity of surfactin A against Rhizoctonia cerealis was investigated.
Materials and Methods
Isolation of endophytic bacteria EBS05. C. camphora leaves and stems were collected from the Henan Agricultural University campus. The surface sterilization was conducted according to the procedure of Mendes et al. (2007) with some modifications. The samples were washed immediately with tap water to remove the attached dust and soil, and then sterilized successively with 75% ethanol for 1 min and 5% sodium hypochlorite for 5 min. After being rinsed three times with sterilized distilled water, the outer tissues of the samples were removed with a sterilized knife blade, and the remainders were cut into 0.5-cm-long fragments. The fragments were treated with 70% ethanol for 10 seconds and rinsed three times with sterilized distilled water. The rinsed fragments were vertically halved and incubated on YPDA medium (yeast peptone dextrose agar: yeast extract 3 g, peptone 0.6 g, dextrose 3 g, agar 16 g, distilled water l liter, pH 7.2) at 28 o C until the colonies appeared around the segments. The isolates were purified by streak culturing, and the distinct colonies were subcultured on YPDA slants at 28 o C. At the same time, isolates were stored at −80 o C in cryogenic tubes containing 30% glycerol until used. In order to evaluate the effectiveness of the above sterile process, a similar procedure without surface sterilization was performed as a negative control and aliquots of 0.1 ml of the last rinsed water were inoculated on YPDA medium as a positive control.
Greenhouse experiments. Greenhouse pot experiments were conducted under standard greenhouse conditions at 28−32 o C. Treated and control wheat seedlings (cv. Zhengmai93) were planted in the greenhouse in polypropylene boxes pots (10 cm high, 12 cm diameters) containing raw sandy loam soil that had been artificially infested with the pathogens R. cerealis (Inbar and Chet, 1991) by 50 mg of sclerotia with 1 kg of soil (Henis, 1984) . Treatment groups included (1) seeds were coated by fludioxonil before they were sown. (2) EBS05 fermentation broth (cell densities, 10 8 cfu/ml) applied on the soil surface of the pots (15 ml per pot) when the seeds were sown and covered with 2 cm of soil. (3) 15 ml of filtrate (bacteria-free culture supernatant sterilized at 121 o C, 0.15 MPa for 15 min) from EBS05 ferment broth applied on the soil surface of the pots when the seeds were sown and covered with 2 cm of soil. Control plants were grown in pots treated with 15 ml of distilled water. Pots were randomly distributed in the greenhouse, with the position changed weekly to avoid any positional effects, and were watered once a week. After 5 weeks, the proportion of disease plants per pot were investigated, To compare the degree of disease in the different treatments, each plant was graded from 0 (no symptoms) to 3 (severe infection) (Clarkson and Cook, 1983) as follows: grade 0: no symptoms of sharp eyespot; grade 1: one or more lesions girdling in total less than half of the stem circumference or one or more lesions on leaf sheath, not penetrating to stem; grade 2: one or more lesions girdling in total at least half of the stem circumference; grade 3: one or more lesions girdling in total at least half of the stem circumference and stem weakened at lesions so that lodging would readily occur. The disease index (DI) was calculated using the formula of Hoilins & Scott (1983) .
Calculated disease index values range from 0 (no symptoms) to 100 (severe infection) (i, severity class and n i , number of plants signed to the grade i). The disease reduced (DR) was calculated using the formula DR (in%) = 100 × (DI-Control − DI-Treatment)/DI-Control. Each treatment was replicated three times, and all the trials were conducted twice. Analysis of variance was used for statistical analysis. The significance level of P = 0.05 was used throughout. Multiple range tests were used to compare different treatments. Data from the two trials were combined. 
